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SURFACE STUDIES OF OXIDATION OF A SINGLE-GRAIN QUASICRYSTAL 
I 
S.-L. CHANG, C.-M. ZHANG, C.J. JENKS, J.W. A~EREGG, P.A. TIUEL 
Department of Chemistry and Ames Labokatory 
Iowa State University \ 
Ames, Iowa 500I I USA 
ABS1RACT 
We have used Auger electton specttoscopy (AES), X-ray photoelec~on specttoscopy (XPS) and 
low-energy electton diffraction (LEED) to characterize the surface t>roperties of a single-grain 
Al7oPd21Mn9 (APM) quasicrystal (QC) upon oxidation. When oxyge~ is adsorbed on this surface, 
a disordered layer is formed at low coverages. This chemisorbed o~gen desttoys the five-fold 
quasiperiodicity completely. Further adsorption of oxygen leads to a thin layer (less than 20 A) of 
AI oxide which passivates the surface. At elevated temperatures (870 K), adsorption of oxygen 
induces an enrichment of AI on the surface. This is explained by the e~otherrnicity of its oxide and 
the possibility of increased mobility of AI at higher temperatures. Al is the only element in this 
QC which can be oxidized. No evidence of oxidization for Pd and Mn is observed. 
1. Introduction 
After their discovery by Shechtman eta/. in 1984,1 quasi<ifYstals (QCs) were discarded 
frotn technological applications due to extreme brittleness.2 Recent:progress, however, shows that 
thilll films or thick coatings made by QC materials are potentially vjery useful,3. 4 Although there 
have been many studies to investigate the atomic structure,s little r~search has been performed to 
uncJerstand their physiCal properties such as low friction coeffici~nt, high corrosion resistance, 
etc,6. 7 , 
Surface properties of quasicrystalline materials are even less understood. The main reason 
is ~e difficuley in growing large-size, single-grain samples8 s itable for surface analysis. 
However, this problem has been overcome for the APM QCs, since arge single-grain samples can 
be Cl)btained by using the Bridgman method.9, 10 The APM QC th s becomes a perfect candidate 
for !Surface investigations. The thermodynamically-stable phase of · s material, up to its melting 
point (1123 K), is icosahedral. 
Oxygen and oxide layers on surfaces are potentially impo t for their contributions in 
det¢rrnining corrosion and tribological properties of QC materials11t is the goal of this work to 
un~rstand the response of QC surfaces to gas-phase oxygen. ! 
2. Experimental I 
The experiments are performed in an ultrahigh vacuum ) chamber (P < 1 x 10-10 
Tort) equipped with AES, computer-interfaced video-LEED, ions utter gun and a gas manifold 
for oxygen introduction. LEED data, i.e., spot intensity vs. elec on accelerating voltage, 1-V 
curves, are collected with normal incidence at 105 K. Details of the video-LEED data acquisition 
system can be found elsewhere. II The XPS data are acquired i a separate chamber (Perkin 
Elmer, model 5500) using an AI anode. 
The APM sample, a 5mm x 3mm x 1.5mm disk, was gro n by Dr. T. Lograsso at the 
Materials Processing Center of Ames Laboratory, employing the B dgman method. It is cut with 
a five-fold axis normal to the surface and mechanically polished to a mirror finish. Two Ta plates 
witli a thermocouple (W/5%Re vs. W/26%Re) attached are used to sandwich the QC. Resistive 
hea~ng and liquid nitrogen cooling allow the sample temperatur to be controlled easily and 
predisely within 5 degrees between 870 K and 105 K. The surface is leaned by repeated cycles of 
argon ion sputtering and prolonged annealing at 870 K until all i purities, mainly oxygen and 
carbon, are reduced beyond the detection limit of AES (ca. 1% of a onolayer). A well-annealed, 
cleaJ1 surface shows a sharp pentagonal LEED pattern with low back und intensity. The surface 
composition, in terms of atomic concentrations, is Al61±2Pd26±2Mn7 1,12 
786 
3. Results and 
3.1 AES Measurements 
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The oxygen uptake is .,..,,nitn,..,,rt by the characteristic oxygen AES transition at 515 eV as 
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exposure. (b) Metal composition vs. oxygen exposure at 870 K. 
gen peak-to-peak amplitude vs. exposure is plotted for adsorption 
Clearly, oxygen adsorbs on this surface. At room temperature, 
reaching saturation at ca. 50 L (1 Langmuir= 1 x 10-6 Torr x 
slowly, reaching saturation only by ca. 160 L. The slower 
870 K may imply a small sticking probability at higher 
coverages are indications of passivation, namely, a protective 
from further adsorption. 
the change of surface composition during the oxidation 
main AES transitions of the constituent metals, namely, 1396 
The result is shown in Fig. 1 b, where the metal composition is 
ext~osure at 870 K. An enrichment of AI on the surface, from ca. 70% 
rmtP.r,.a,., increases at this temperature. This change is not observed 
The lack of oxygen induced segregation of AI at room 
of aluminum at elevated temperatures.14 
The variations of chc~IIl).cal environment of the constituents in the QC due to the presence of 
oxygen can be probed by XPS. In Fig. 2, the binding energies (BE) of AI 2p, Pd 
3d3/l, sn and Mn for the QC are shown for clean and oxidized surfaces. 
The top panel (Fig. a clean surface. The second panel (Fig. 2b,e,h) is obtained from 
a clean surface to saturation at 870 K. The third panel (Fig. 2c, f, i) is obtained 
similarly for room The vertical lines in each panel label reference positions 
of BE for clean, pure peaks. 
Formation of in Figs. 2a-c by a shoulder (-75.5 eV) appearing at 
an energy higher than AI peak (72. 9 e V). The oxide thickness, estimated by 
using the approach of S assuming a homogeneous top oxide layer, is approximately 5 
and 10 A for room and 870 K, respectively.lS 
The effect of oxygen Pd is shown in the middle column, Figs. 2d-f. No significant 
changes in peak positions of the Pd 3d3/l, sn spectra (Figs. 2e-f) are observed after 
oxygen adsorption. This lack of oxidation for Pd. There is, however, a shift of the Pd 
peaks by ca. 2 e V to higher to the pure metal in all the spectra. This shift has been 
found as well in many other alloys 16 and has been attributed to initial state and to 
final state effects.17 
The data for Mn 2p 112, are shown in Figs. 2g-i. All oxygen treatments leave the Mn in 
788 
'the QC untouched, similar to Pd. There is no broadening or shift induced by oxygen, only the 
Mn 
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Fi~ 2: XPS resulrs for clean and oxidized surfaces. 
inqrease in background level which is due to the depletion of surface Mn upon oxidation. 
The XPS results show that AI is the only element which can be oxidized in the APM QC. 
Futther, the oxidation behavior of Al in QC is closely similar to that of pure Al.18 From the view 
point of thermodynamics, formation of Mn oxide is also expected because the heats of formation of 
the!,bulk oxides for AI, Mn and Pd at room temperature are: -1676 to -1657 KJ/mol, -1388 KJ/mol 
an~ -85 KJ/mol, respectively.19 It is reasonable to detect no Pd oxide because of its small heat of 
fo~ation. The absence of Mn304, however, is puzzling. One possible explanation is that 
f<>I$ation of a continuous AI oxide film obstructs the diffusion of Mn or oxygen.20 
3.3 tEED Measurements 
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Fig. 3: i.(a) LEED pattern for a clean QC surface. (b) 1-V curves for various oxygen coveced surfaces. 
The influence of oxygen upon the morphology of the QC surface is investigated using a 
diffraqtion technique. The LEED pattern for a clean surface at 85 e V, 105 K is shown in Fig. 3a. 
Two sets of the characteristic five-fold pentagonal rings (bright dots), each consisting of ten spots 
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are seen. The ratio of the radii of these two rings is 1.64 ± 0.02, very close to the golden mean.21 
Adsorption of oxygen is studied quantitatively by 1-V curves such as those shown in Fig. 3b, 
which describe the intensity of the center-lower spot of the outer pentagon as a function of beam 
energy for different oxygen coverages at 105 K. These curves show identical shapes and features 
except for a continuous decrease in intensity as oxygen coverage increases. No additional spots 
are observed. Further, the LEED pattern is destroyed at 12 L. These results indicate that adsorbed 
oxygen atoms cannot form any new ordered superstructures or induce reconstruction of the 
substrate. The destruction of the LEED pattern by oxygen, however, demonstrates the dramatic 
influence of oxygen on the quasiperiodicity of QC. Elsewhere, we present evidence that the LEED 
pattern is destroyed by chemisorbed oxygen, rather than by the initial stages of oxidation.12 
4. Summary 
We have carried out studies of surface oxidation of a APM QC. We observed adsorption of 
oxygen on the surface. The oxygen overlayer has a dramatic effect on the quasiperiodicity of the 
substrate. Oxidation of the surface is also observed. A protective layer consisting exclusively of 
AI oxide is formed and passivates the surface. In addition, we show that oxygen induced 
segregation of AI occurs at high temperature. 
5. Acknowledgements 
We thank T. Lograsso, A.I. Goldman and S.W. Kycia of the Ames Laboratory for providing 
the quasicrystal samples. This work is supported by the Ames Laboratory, which is operated for 
the U.S. Department of Energy by Iowa State University under Contract No. W-7405-Eng-82. 
6. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
References 
D. Shechtman, I. Blech, D. Gratias and J. W. Cahn, Phys. Rev. Lett. 53 (1984) 1951. 
P. Sainfort and B. Dubost, in Quasicrystalline Materials, ed. C. Janot and J. M. Dubois 
(World Scientific, Singapore, 1988) p. 361. 
J.-M. Dubois, S. S. Kang andY. Massiani, J. Non-Cryst. solids 153/154 (1993) 443. 
N. Rivier, J. Non-cryst. Solids 153/154 (1993) 458. 
M. de Boissieu, P. Guyot and M. Audier, in Lectures on Quasicrystals, eds. F. Hippert and 
D. Gratias (Les Editions de Physique, France, 1994) p. 1. 
S. S. Kang, J. M. Dubois and J. von Stebut, J. Mater. Res. 8 (1993) 2471. 
T. Klein and 0. G. Symko, Phys. Rev. Lett. 73 (1994) 2248. 
L. Bresson and D. Gratias, J. Non-Cryst. Solids 153/154 (1993) 468. 
M. Audier, M. Durand-Charre and M. DeBoissieu, Phil. Mag. 868 (1993) 607. 
S. W. Kycia, A. I. Goldman, T. A. Lograsso, D. W. Delaney, D. Black, M. Sutton, E. 
Dufresne, R. Bruning and B. Rodricks, Phys. Rev. B48 (1993) 3544. 
0. L. Warren, Ph.D. Thesis, Iowa State University (1993). 
S.-L. Chang, W. B. Chin, C.-M. Zhang, C. J. Jenks and P. A. Thiel, Surf. Sci. (1995) (in 
press). 
L. E. Davis, N. C. MacDonald, P. W. Palmberg, G. E. Riach and R. E. Weber, Handbook 
of Auger Electron Spectroscopy, (PHI, Perkin-Elmer Corp., Eden Prairie, Minnesota, 
1978). 
H. A. Ahmed and W. W. Smeltzer, J. Electrochem. Soc. 133 (1986) 212. 
B. R. Strohmeier, Surf. Interface Anal. 15 (1990) 51. 
P. Steiner, S. HUfner, N. Martensson and B. Johansson, Solid State Commun. 37 (1981) 
73. 
M. D. Crescenzi, L. Lozzi, P. Picozzi and S. Santucci, Z. Phys. 012 (1989) 417. 
S.-L. Chang, J. W. Anderegg and P. A. Thiel, J. Non-Cryst. Solids (1995) (submitted). 
D. W. Wagman, W. H. Evans, V. B. Parker, R. H. Schumm, I. Halow, S. M. Bailey, K. 
L. Churney and R. L. Nuttall, J. Phys. Chern. Ref Data 11 (1982) Suppl. 2. 
M. G. Corson, Aluminum: The Metal and Its Alloys (D. Van Nostrand Co., New York, 
1926). 
C. Janot, Quasicrystals: A Primer (Clarendon Press, Oxford, 1992). 
